The rates of synthesis and breakdown of phospholipids in growing cultures of Nocardia polychromogenes were investigated by means of a pulse-labelling technique using 32P043-. The results indicated that phospholipids were broken down and phosphatidylinositol mannosides had a high turnover rate. The other two main components, cardiolipin and phosphatidylethanolamine, had a relatively low rate of turnover.
I N T R O D U C T I O N
Cardiolipin, phosphatidylethanolamine and phosphatidylinositol mannosides are the three major components of the phospholipids of Nocardia (Khuller, 1976 (Khuller, , 1977 . Phospholipids of Nocardia are antigenic in nature (Trana & Khuller, 1977) and elicit antibodies in experimental nocardiosis (Trana et al., 1978) . These observations have stimulated research on nocardial lipids.
Several reports have been published on the turnover rates of phosphatidylglycerol, cardiolipin and phosphatidylethanolamine in Escherichia coli (Kanemasa e f al., 1967; Ballesta et a/., 1973) and other bacteria (Short & White, 1971; Subrahmanyam, 1965; Akamatsu et al., 1967) , but no such studies have been reported with Nocardia. In this paper, the results of the incorporation of 3aP0,3-into individual phospholipids are reported together with chase studies on the pre-labelled phospholipids in Nocardia polychrornogenes.
M E T H O D S
Bacterial strain and cultivation. Nocardia polychromogenes NRRL B-153 1, originally obtained from Dr Y . Okami, Institute of Microbial Chemistry, Tokyo, Japan, was maintained on Lowenstein-Jensen medium (Rippon, 1974) . Cells were grown in stationary culture in Sabouraud's dextrose broth at pH 7.0 and 37 "C.
Incorporation of 32P0,3-into phospholipids. Nocnrdin polychromogenes grown for 4 d in Sabouraud's medium was harvested by filtration under sterile conditions and washed with normal saline; about 10 g wet wt bacteria were resuspended in 100 ml Sabouraud's medium minus peptone (this medium contains no phosphate). Carrier-free 32P043-(5 mCi) in dilute HCI solution (obtained from Bhabha Atomic Research Centre, Bombay, India) was added to the suspension and incubation was continued at 37 "C. At intervals, the cells were collected by filtration and phospholipids were extracted and examined as described below.
The radioactivity of each sample was counted in a Packard liquid scintillation counter using a toluenebased scintillation fluid containing 0.4 % (w/v) 2,5-diphenyloxazole and 0.05
Loss of radioactivity from pulse-labelled phospholipids. The culture was labelled by exposure to 32P0,3-for 6 h as described above. Labelled cells were collected by filtration, washed with normal saline, resuspended in normal Sabouraud's medium containing 0.013 : ( (w/v) unlabelled phosphate (as P,O,) and incubated at 37 'C. The cells were harvested after subsequent growth for 0 to 24 h, within the exponential growth phase. The lipids were extracted as described below and the radioactivity of each sample was measured as described above.
Extraction of lipids. Cells were suspended in chloroform/methanol (2: 1 v/v) and stirred with a magnetic stirrer for 4 h. The homogenate was filtered and the filtrate was washed as described by Folch et a/. (1957 
Chromatographic separation of phospholipids and their quantitative analysis.
The separation, isolation, characterization and measurement of phospholipids were carried out as described by Khuller (1977) . In addition, the spots corresponding to each component were scraped from the chromatographic plates and their radioactivity was measured.
RESULTS
Incorporation of 32P043-into individual phospholipids. The rate at which 32P043-was incorporated into the total phospholipids of N. polychromogenes was linear for the first 8 h (Fig. 1) and continued to increase significantly up to 24 h. The radioactivities of individual phospholipids were measured after thin-layer chromatography: phosphatidylinositol mannosides had the highest total radioactivity and phosphatidylethanolamine the lowest (Fig. 1) . The highest specific radioactivity was found in the phosphatidylinositol mannosides and the lowest in phosphatidylethanolamine (Fig. 2) .
Turnover of phospholipids. The breakdown of phospholipids within the cell was studied by chasing the pre-labelled phospholipids with unlabelled phosphate (Fig. 3) . The radioactivity of the phospholipids continued to decrease for 18 h ; subsequently, there was a slight increase when incubation was continued up to 24 h. The loss of radioactivity indicated that phospholipids were broken down in growing cells.
The radioactivity of the individual components of the phospholipids was measured to determine their turnover (Fig. 3) . Phosphatidylinositol mannosides showed the highest rate of degradation of the three components studied. Cardiolipin showed no appreciable change in radioactivity for the first 6 h but exhibited a slight increase during the next 18 h. There was no loss of radioactivity from phosphatidylethanolamine, indicating that no turnover occurred. The specific radioactivities of the individual phospholipids after chasing (Fig. 4) revealed the same pattern indicating that the phosphatidylinositol mannosides had a high rate of turnover within growing cells while the other two components showed no noticeable turnover. In bacteria, as in higher organisms, phospholipids are mainly found in the membranes (Lennarz, 1972) and have a major role in their structural and functional organization (Cronan, 1978 ; Singer & Nicolson, 1972) . The study of phospholipid metabolism in general is therefore of immense importance in the elucidation of the role of these components in the membranes.
The radioactivity of the total phospholipids increased at a linear rate up to 8 h in N . polychromogenes. This compares with linear rates of incorporation of 32P0,3-into the total phospholipids of Mycobacterium 607 (Subrahmanyam, 1965) and Mycobacteriurn phlei (Akamatsu ct al., 1967) of 30 min and 2 h, respectively. The radioactivity of the individual phospholipids in N . polychromogenes revealed that the rate of biosynthesis of phosphatidylinositol mannosides is the highest of the three components studied, in contrast to the results obtained with M . phlei (Akamatsu et a/., 1967) where the maximum incorporation was into cardiolipin.
Studies on the metabolism of phospholipids of different bacteria (Ballesta et Dhariwal et al., 1978) , where phosphatidylinositol mannosides have a low turnover rate as they probably form part of the cell envelope (Akamatsu et al., 1966) . It is, however, difficult to explain the rapid loss of radioactivity from phosphatidylinositol mannosides without knowing the role of these components in the structure and metabolism of N . polychromugenes. The slow turnover of cardiolipin differs from that in mycobacteria Dhariwal et al., 1978) where it has the highest turnover. The third component of the phospholipids of N . polychromogenes, phosphatidylethanolamine, did not undergo turnover during growth, suggesting that once formed, it is completely
